Purpose: The identification and targeting of biomarkers specific to prostate cancer (PCa) could improve its detection. Given the high expression of translocator protein (TSPO) in PCa, we investigated the use of [ pc−/− prostate cancer-bearing mice (n = 9, 4-6 months old) were imaged in a 7T MRI scanner for lesion localization. Within 24 h, the mice were imaged using a microPET scanner for 60 min in dynamic mode following a retro-orbital injection of~18 MBq [ 18 F]VUIIS1008. Following imaging, tumors were harvested and stained with a TSPO antibody.
Introduction
Prostate cancer (PCa) is one of the most common malignancies in the world and the sixth leading cause of cancer-related fatalities among men [1] . In the USA, it is the second most fatal cancer in men after lung cancer despite the availability of a variety of screening and diagnostic tools. There is a need for improved imaging technology and/or the use of suitable molecular imaging agents that target specific biomarkers of this cancer.
Positron imaging tomography (PET) with 2-deoxy-2-[ 18 F]fluoro-D-glucose ([ 18 F]FDG) has been used to detect PCa [2] , but due to low sensitivity and overlap with prostatitis, prostatic hypertrophy, and radiotracer renal secretion and accumulation in the bladder, new PET radiotracers are highly desired [3] . Choline PET imaging, using [ 11 C]choline or [ 18 F]fluoroethylcholine, is more sensitive for detecting PCa than [ 18 F]FDG [4] [5] [6] [7] . However, the accuracy of this method requires the administration of higher radiotracer activities and delayed imaging (for the F-18 labeled ligands) [4] , may be confounded by false positives due to non-specific inflammation-associated uptake [8] , and requires an on-site cyclotron in the case of [ 11 C]choline. Accordingly, there remains a clinical interest in identifying more sensitive and specific molecular imaging agents that improve PCa detection.
Translocator protein (TSPO), typically located in the outer mitochondrial membrane, is mainly responsible for transporting cholesterol across the membrane for cell signaling and steroid biosynthesis [9, 10] . TSPO had been found to be overly expressed and even involved in the progression of many cancers including PCa [11, 12] . Furthermore, TSPO has been used as a target for PCa therapy using PK11195 and lorazepam [11] . Recently, we developed [
18 F]VUIIS1008 for TSPO PET imaging of cancer and demonstrated that it reliably targets TSPO in glioma [13] . [ 18 F]VUIIS1008 exhibits higher binding affinity compared with its parent ligand, [ 18 F]DPA-714, and offers improved imaging qualities for cancer imaging [13] .
In this work, we investigate [ 18 F]VUIIS1008 PET imaging for detecting primary prostate tumors via targeting TSPO receptors within the tumor in mouse models of PCa.
Materials and Methods
All studies involving small animals were conducted in accordance with federal and institutional guidelines and approved by Vanderbilt's Institutional Animal Care and Use Committee.
Animal Models
Imaging data was acquired in the genetically engineered Pten/ Trp53 conditional mouse model (Pten
) of PCa. This model recapitulates PCa progression in human cancers, including the development of castration-resistant PCa [14, 15] . Imaging studies were initiated following the spontaneous development (4-6 months old) of PCa in the mice (n = 9). The mice weighed 33 ± 3 g (mean ± SD).
MRI
Prior to scanning, mice were anesthetized, using inhalation of 2 % isoflurane mixed with 98 % oxygen, secured in a rodent imaging frame and placed in a 38-mm inner diameter radiofrequency (RF) coil. MRI data was acquired using a Varian 7T imaging system (Varian Inc., Palo Alto, CA). During the imaging examination, a constant body temperature of 37°C was maintained using heated air flow.
Multi-slice scout images were acquired using a gradient echo sequence with the following parameters: field of view (FOV) = 50 × 50 mm, data matrix = 128 × 128, slice thickness = 2 mm, flip angle = 35°, repetition time (TR) = 75 ms, echo time (TE) = 5 ms, and number of acquisitions = 4. Following scout imaging, T2-weighted fast-spin echo images were acquired of 32 slices in the axial and sagittal planes, with field of view (FOV) = 33 × 33 mm, slice thickness = 1.0 mm, and data matrix = 256 × 256. Additional parameters included repetition time (TR) = 2.75 s, effective echo time (TE) = 36 ms, echo train length = 8, echo spacing = 9 ms, and number of acquisitions (NEX) = 12. A pneumatic pillow was used to monitor the respiration cycle of the mice, as well as trigger the imaging acquisition to collect data at the same time point in the respiration cycle to reduce motion-induced imaging artifacts
PET/CT
PET and CT data of each animal was acquired within 24 h of the MR scans. The mice were anesthetized with 2 % isoflurane and positioned in a microPET Focus 220 (Siemens, Knoxville, TN). Dynamic PET data was acquired for 60 min following a retroorbital administration of~18 MBq/0.2 ml [ 18 F]VUIIS1008. The dynamic data were binned into the following variable length frames: twelve 5-s frames, four 60-s frames, one 5-min frame, and five 10-min frames. The MAP algorithm was used to reconstruct the data into 128 × 128 × 95 slices with a voxel size of 0.095 × 0.095 × 0.08 cm 3 at a beta value of 0.01. CT scans were next acquired to facilitate anatomic co-registration of the PET and MRI data. Mice were imaged in an Inveon CT (Siemens preclinical, Knoxville TN) following an IP injection of~0.2 ml of the contrast agent Optiray (Mallinckrodt Inc., St. Louis, MO), which enables visualization of the bladder. Note that TSPO ligands are not cleared via the kidneys [13] . The CT data was collected using the following parameters: beam intensity = 180 mAs, tube voltage = 80 kVp, reconstructed image matrix = 512 × 512 × 512, and voxel size = 0.1 × 0.1 × 0.1 mm 
Analysis
Amide (amide.sourceforge.net) was used to co-register the CT, MRI, and PET images. The MRI images were used to define three dimensional regions of interest (ROIs) encompassing the tumors in the abdominal area and muscle on the hind limb. Time-activity curves (TACs) within each ROI were computed as the radiotracer concentration normalized to the administered activity. The late radiotracer uptake, computed as the mean concentration between 40 and 60 min post-injection, in tumor and muscle ROIs were also compared using a paired t test, with a significance threshold of p G 0.05. Statistical analysis was completed with the GraphPad Prism software (v.6.01).
Histology
Upon completion of the PET/CT scans, the mice were euthanized and the tumors were harvested fixed in 4 % buffered formalin for 48 h, followed by paraffin embedding for histology and immunohistochemistry (IHC). Tissue sections (5.0 μm) were then stained with TSPO-specific rabbit polyclonal anti-rat/anti-mouse antibody (Novus Biologicals, LLC, Littleton, CO). Immunoreactivity was assessed using a horseradish peroxidase detection kit (Dako, Glostrup, DK). Sequential tissue sections were also stained with H&E and Ki-67 (for proliferation). The sections were then imaged using bright-field microscopy (Leica Microsystems, Inc., Buffalo Grove, IL, USA). 
Results
Serial imaging with MRI was used to first visualize the development of tumors as shown in Fig. 1 . Tumors exhibited high uptake of [ 18 F]VUIIS1008, with little to no uptake observed in the muscle (Fig. 2) . Upon harvesting the tumors, we found them to be greater than 2 cm 3 in size and filled most of the abdominal area which correlates with the MR images. Presence of cells confirmed via H&E and positive staining for proliferation via Ki 67 denote that the majority of tumor was active and not necrotic. Tumors that exhibited high [ 18 F]VUIIS1008 uptake were histologically confirmed to have TSPO expression. As shown in Fig. 3 , the uptake of [ 18 F]VUIIS1008 in the tumor appeared reached equilibrium approximately 25 min post-injection. Across all animals, the concentration of [
18 F]VUIIS1008 in the tumor (7.1 ± 1.6 % ID/ml) was significantly higher (p G 0.05) than that found in muscle (0.7 ± 0.2 % ID/ ml) (Fig. 4) .
Discussion
In the context of cancer, elevated TSPO expression has been associated with enhanced progression, reduced survival, and metastatic potential [10, 13] . It has been implicated in numerous cancer types, including breast, colon, brain, and other cancers [10, 13, 16, 17] . Expanding upon our previous studies in glioma [13] 
Conclusions
In conclusion, this study demonstrates the feasibility of using [ 18 F]VUIIS1008 to evaluate TSPO expression in PCa. The error bars illustrate the standard deviation at each time point across animals (n = 9). Tumor uptake was markedly highly than that found in muscle and essentially constant between 5 and 60 min after administration.
Fig. 4. Comparison of [
18 F]VUIIS1008 uptake, summed between 40 and 60 min post radiotracer administration, in tumor and muscle regions of interest. The tumor uptake was ten times higher than that found in muscle.
